(List continued on next page.) The present invention relates generally to electronic film developing and more particularly, to apparatus and methods for determining the optimum exposure of pixels in a time Scanned film image.
BACKGROUND OF THE INVENTION
Chemical film development traditionally involves the chemical manipulation of an entire image which has been recorded on conventional film. Conventional film includes multiple layers of varying granularity distributions of Silver halide crystals. Broadly Stated, multiple film layers are used with color film to Separately capture and reproduce color information. The crystal granularity distributions further provide for capturing image details under different lighting and/or desired film exposure conditions or "speeds'. That is, larger or more "coarsely-grained" crystals require exposure to fewer photons of light during picture-taking to enable proper developing. Conversely, Smaller or more "fine grained" crystals that together encompass an area equal to that of a single larger grain will require more light during picture-taking to enable proper developing of each grain. Modem color film typically uses three layers or "emulsion coatings' for each color, each with a different granularity distribution, thereby enabling image detail to be recorded on the film at varying exposures for each color.
Unfortunately, while film can be viewed as recording all essential picture information, conventional chemical pro cessing does not enable optimal reproduction of individual picture elements. More specifically, different picture ele ments Such as highlights, midtones and Shadows, while recorded on the same film layer, each require a different amount of development time to be optimally reproduced. Highlights, for example, might be optimally developed in one minute while midtones might require two minutes and Shadows might require four minutes. However, chemical processing develops all picture elements at the same time. Thus, a compromise or approximation must be made as to an acceptable development time for accommodating all image elements.
Conventional techniques have been developed to improve the Overall quality of a picture by taking into account varying developing time requirements. However, the result ing picture element handling capabilities are nevertheless Subject to chemical processing limitations. For example, using monochrome film having multiple granularity distribution, and thus varying exposure-Sensitivity layers, multiple exposures of a single Still image can be recorded and later merged in a darkroom. However, Such techniques Still provide only groSS adjustments to multiple picture element combinations, and require extensive effort and often Specialized film and/or processing to do So.
Digital film processing ("DFP") takes an entirely different approach. DFP provides for capturing raw image data directly from the film itself while it is being developed. Each channel (Such as red, green, blue) of each element or pixel will typically be captured Separately at multiple developing time increments or timed-Scans. The pixel data of each timed-Scan is then analyzed and/or manipulated to provide optimally an image that uses the appropriate exposure for each pixel.
FIG color film 101 and a portion of the image is captured (i.e. "timed-scanned"). Scanning a three-layer film 101, for example, includes capturing reflected light 11 from portions (e.g. portion 11a) contained in the first or "front" film layer 111 and capturing reflected light 12 from portions (e.g. portion 12a) contained in a third or "back" film layer 113. Portions (e.g. portion 11a) contained in the Second (i.e. "middle' or "through') layer are also captured by Scanning transmitted light 11 passing through film 101, from which Scanned front layer and back layer values for corresponding front layer and back layer portion Scans are then Subtracted. This process is repeated for each portion, thereby producing front-layer, middle-layer and back-layer portion information for each portion position at each timed-Scan during devel opment of film 101. Scanned portion information (or "pixel information") is then processed as described hereinafter with Turning to FIG.2b, exposed film 101 is then subjected to DFP processing. First, the above-mentioned timed-Scans are taken using Scanning System. During processing of film 101, an early Scan 202a (e.g. one minute) will best reveal pixels corresponding to highlights 211a, while midtones 2.11b and shadows 211c will be underdeveloped. A later scan (e.g. two minutes) will better reveal midtones 211b, while highlights 2.11a will become overdeveloped. Still later scans will better reveal shadows 211c at the expense of highlights 211a and midtones 2.11b. FIG. 3 illustrates that while several timed-scans are typi cally taken, not all of the Scans obtained throughout film development are typically required. Rather, a Sufficient number of Scans are desirably taken Such that the optimal exposure of Selected picture elements in each film layer can be deduced by extrapolating from the limited number of Scans actually taken. Individual Scans can further be com bined to reduce memory requirements. For example, Scans 302 and 304 can be combined to produces scan 308.
FIG. 3 also illustrates how the DFP system further pro vides an image-based processing/Stitching System for pro cessing and merging of groups of picture elements in order to form a completed processed image. Creating a merged image will be generally referred to herein as "Stitching" regardless of the Specific implementation utilized. AS taught in the 510 patent, an approximation is preferably made as to the best exposure for different groups of picture elements utilized (i.e. in this case, highlight, midtone and shadow portions of the image stored on the film). Next, the different groups of picture elements can be combined by aligning, cutting and pasting them together 320 to yield the finished image 322.
Unfortunately, if many timed-Scans are needed, memory requirements become exorbitant. Accordingly, when fewer timed-Scans are used, or when the actual time-Scan time varies from the desired time-Scan time, estimates of timed Scans which estimates were not reliable, needed to be made in order for the groups of picture elements to appear as a Single continuous picture. Thus, adjustment approximations according to available Scanned data were required, often yielding less-than-ideal results and often requiring Signifi cant computation.
U.S. Patent Application Ser. No. 60,075,562, filed Feb. 23, 1998 , entitled "Parametric Image Stitching" teaches an alternative method of Stitching, and is hereby expressly incorporated by reference. In that application, the tedium of pasting groups of picture elements is replaced by forming a mathematical model representing the recorded image and then resolving the model as a completed image. Modeling, in this instance, generally includes the ability to proceSS Stitch picture elements (e.g. pixels) without reference to the overall picture formed on the film. As described, received timed-scan pixel data is tagged with the time of capture (i.e. a relative and/or absolute indicator of the time of each Scan during the course of film processing). Then, for each pixel at each time, regression parameters are calculated and Summed, the optimal density of each pixel position on the film is predicted, a gamma correction function is applied, and a brightness value for each pixel is determined.
More specifically, as shown in FIG. 4 , different curves representing low, medium and high exposure timed-Scans were obtained for each pixel based upon a "best fit" of the received pixel data for each of the different timed-Scans. Also, an optimum density curve is empirically derived, as shown by dotted line 404. According to this application, the actual best "brightness" for a pixel can be determined based upon the interSection of the optimum density curve with the best fit curve depending upon the characteristic of the pixel, i.e. whether it was a low, mid or high exposure pixel.
Unfortunately, this implementation not only requires Sub Stantial computation, but again ultimately results in a pre dicted approximation of the optimal exposure. Thus, the determined brightness value nevertheless might result in an inaccurate reproduction of the filmed Subject. Accordingly, there remains a need for an DPF stitching method that provides a more accurate reproduction of a filmed Subject. There is further a need for an DPF stitching method having reduced computational requirements.
SUMMARY OF THE INVENTION
It is an object of the present invention to provide a method of directly determining the exposure, or brightness, of a given pixel of data associated with a portion of a Scanned image of a developing negative.
It is a further object of the present invention to directly determine exposure information associated with each layer of a multi-layer color film, for each pixel.
These and other advantages are provided for by the present invention through a digital processing System in which Signals associated with a pixel are obtained at each of a plurality of different development times of the film being developed. A regression analysis that compares these dif ferent development times Versus the natural log of time is made, to obtain a best fit line of this data, which line is then used to determine a "b' value. This "b' value or "fitting constant preferably corresponds to the interSection of the y-intercept and the best fit line. It has been discovered that this "b' value is substantially directly proportional to the log exposure of the pixel. Accordingly, this "b' value can be directly used to determine the appropriate exposure of the pixel. Modifications of images through electronic film process ing to achieve Some special enhancement or effect are desirable, and it will be appreciated that the ability to implement Such modifications is facilitated by the present invention. However, an equally if not more desirable capa bility of the present invention, is to accurately reproduce imageS recorded on film. Given the discussed difficulties encountered with determining the appropriate exposure of Separate picture elements, a more reliable method is preferred, which method comprises the processing and/or Stitching of image data (e.g. pixels) without the need to reference the Overall graphical depiction. For example, pixel data values corresponding to timed-Scans of developing photographic film are received by a processing System in which the invention is preferably implemented. Various ones of the obtained pixel data values for different pixels can then be processed/Stitched together without forming or referring to the Scanned image as a whole. The Stitched image data can then be further processed (e.g. color tested and corrected if needed) and then printed. In addition, Since the image data is preferably handled in a computer-readable form throughout, it will be appreciated that the data can also be Stored, retrieved, shared and/or transferred in any manner generally applicable to other forms of computer-readable data.
Accurate electronic reproduction of an image is prefer ably accomplished by determining a fitting constant corre sponding to the number of photons of light to which each pixel, corresponding to a portion of the film, was exposed during picture-taking. Thus, an accurate reproduction of each pixel (or a combination of pixels) can be determined, an accurate reproduction of the image can be reconstructed and the resultant image data can be further processed and/or printed. AS discussed hereinafter, pixel data for Single layer monochromatic film will be discussed, it will be readily apparent, however, that the present invention is most desir ably implemented for use with a multi-layer film capable of color reproductions and that, in Such implementation, each color channel has pixel information relating to only that channel's color and that information will be processed to S determine the appropriate exposure values for each channel.
It should be noted that with reference to each color channel in a color image, that the front, back and through data obtained by Scanning the developing image at different development times provides data in a (front, back, through) Space that will need to be converted to a (red, green, blue) color Space. The present invention is concerned not with this conversion, but with knowing that the detected Signal values, (in front, back, through space if it is a color image) are properly corrected for exposure.
The present invention recognizes, however, that it is possible to directly Set the exposure of each pixel by directly finding the level at which each pixel was originally exposed due to photons incident upon the film. Those skilled in the art will also appreciate that further processing can also be utilized (i.e. in addition to obtaining a "b' value or "fitting constant") where absolute original exposure reproduction is The present invention also recognizes that the "b' value is directly proportional to the log of the pixel's initial exposure. As a result of this recognition, once the "b' value is determined, it can be used to determine the appropriate exposure for each pixel.
The FIG. 5B graph illustrates the discovered linear rela tionship illustrated by line 501 between "b' values and log (exposure). Thus, broadly stated, the present invention enables an appropriate exposure value to be determined for each pixel and, as a result, use the exposure value in determining the finally Stitched image. Looked at from another perspective, the present invention allows for an approximation to be made of the number of photons that initially impinged upon a given portion of a film. The FIG. 6 block diagram illustrates how a log-time processing and Stitching System according to the invention preferably operates within a generally conventionally con figured processing System, Such as a personal computer or "PC.
AS shown, System 600 preferably comprises processing system elements coupled via bus 601 including CPU 605, input devices 510 and output devices 615, computer read able Storage media reader 620, communications interface 640, storage device 545 and working memory 650. Com puter readable Storage media reader 620 is further coupled to computer readable Storage media 625, which combination preferably includes local and/or remote Storage devices and/or memory and memory control functionality operable in combination with or alternatively with storage device 645 and/or working memory 650. System 600 further comprises film Scanning System 10, preferably including the film development and Scanning apparatus and methods taught by the above mentioned U.S. Pat. No. 5,519,510, which patent is hereby incorporated herein by reference as if, repeated verbatim immediately hereinafter. Working memory 650 further comprises Software elements including operating system 655 and image processing/stitcher system 560. For clarity Sake, conventionally well-known hardware and Soft ware elements including but not limited to necessary inter faces and/or drivers have been omitted from the figure.
It will be apparent to those skilled in the art that several variations of system 600 are contemplated and within the intended Scope of the present invention. For example, Vari ouS Software elements, Such as image-processing/Stitcher system 560 might be implemented as hardware or a com bination of hardware and Software according to the perfor mance and/or operational needs of a particular application.
Such hardware or hardware and Software can further be independently operable or integrated within system 600. Similarly, given processor and computer performance improvements and ongoing technological advancements, hardware elements Such as Such as portions of communica tions interface 540 might be replaced by Software and/or a combination of hardware and Software. Another example is that other implementations for providing timed-Scan pixel data can also be used. A Still further example is that various operating Systems and data processing Systems can be utilized. However, at least a conventional multitasking oper ating system such as Windows 95 or NT running on a Pentium II computer, are preferred and will be presumed for the discussion herein. Yet another example is that commu nications interface 540 can comprise any number of wired and/or wireleSS connections to a local and/or wide area network, the internet and/or other connectable devices and/ or Systems. Such connections enable a vast array of data transfer, Sharing, workload distribution and other communications-related capabilities, as are continuously being introduced, advanced and more widely adopted. Input devices 550 can comprise any number of devices and/or device types for inputting commands and/or data, including but not limited to a keyboard, mouse, and/or speech recog nition.
The FIG. 7 functional block diagram illustrates a pre ferred image processor/stitcher system 660 ("stitcher"). As shown, Stitcher 660 comprises communicatingly coupled elements including stitch control 760 which, in the preferred embodiment of the present invention is an application pro gram that is executed by the CPU 605, which program instantiates functionalities, including control and math ematical operations described herein. Log-time value Stor age 761, "b' value storage 763 and exposure data storage 765 are associated memory locations used to Store data. Also shown are scan control 770 and pixel storage 750, which preferably operate in accordance with the above mentioned 510 patent or in a similar manner to provide timed-Scan pixel data. More specifically, scan control 770 preferably performs Scanning of each pixel that is being developed at different development times to obtain a detected Signal values at each development time. For the monochromatic film discussed hereinafter in further detail, only a single through Scan need be performed for each pixel. Alternately, if a color film is begin Scanned, front, back and through Scans are needed in order to obtain the exposure information for each color channel that exists on each the red, green and blue layers of the color film. Upon completion of each Scan, scan control 770 preferably stores pixel information com For purposes of the present invention, it should be noted that only the "b' value or "fitting constant" of this matrix needs to be solved. Thus, although the slope "m' could be determined, it is not needed.
It will be appreciated that the Specific memory/storage Structure configurations can vary Substantially depending upon the Specific application, for example, when using a PC to run multiple applications which might further utilize Stored pixel data. Configurations include but are not limited to a number of data Structures and/or use of variables Such as with queues and/or multi-dimensional and/or distributed arrays and/or other structures. Further, any applicable calculation/determination order can be used.
While the present invention has been described herein with reference to particular embodiments thereof, a latitude of modification, various changes and Substitutions are intended in the foregoing disclosure, and it will be appre ciated that in Some instances. Some features of the invention will be employed without a corresponding use of other features without departing from the Spirit and Scope of the invention as Set forth. 22. An exposure value produced according to the method of claim 21.
